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ON THE RELATIVE EFFICIENCY OF THE VARIOUS METHODS 
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{From the Rudolph Spreckels Physiological Laboratory of the University 

of California,) 

(Received for publication, April lo, 1907.) 

In a recent paper Auer* has come to the conclusion **that the 
subcutaneous and intravenous injection of magnesium sulphate 
and chloride, sodium sulphate, phosphate, and citrate does not 
produce purgation in rabbits . * ' These results are just the reverse 
of those arrived at by MacCalltmi in this laboratory for all these 
salts except magnesium chloride. Since I had the opportunity 
of seeing many of the experiments of Dr. MacCallum, and since 
his death prevents him from stating his methods and results in 
greater detail and from pointing out why Auer has arrived at 
different results, I have attempted to supply these deficiencies. 
Accordingly, I have repeated some of MacCallum's experiments 
to obtain the quantitative data which he did not consider it 
worth while to publish, and have also made some additional 
experiments in which the effects of dosage by mouth and sub- 
cutaneously were compared. 

TERMS AND METHODS. 

Obviously in an investigation of this kind the criterion of 
purgation is of the first importance. Auer' says *'by purgation 
is here understood the passage of soft and unformed feces in 
amounts exceeding that which normal animals might conceivably 
pass.*' In accordance with this definition Auer does not con- 
sider that mere increase in the amount of the feces without an 
increase in fluidity constitutes purgation. MacCallum, on the 
other hand, considers that both increase in amount and in fluidity 

* Amer, Jo:, rn. of Physiol., xvii, p. 15, 1906. 

* Ibid., p. i;. 
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192 Saline Purgatives 

of the feces shotild be taken into consideration in estimating 
whether purgation has taken place. This difference is partly 
responsible for the difference in the conclusions of the two 
authors. Now in this connection it should be pointed out that, 
as in the rabbit, the feces are usually dry and well formed, and 
since the action of small doses of weak purgatives is to increase 
only the amount of feces eliminated in a given time, it is essential 
in such investigations that the amount of the feces should be care- 
fully considered. 

Another and more important difference in the method of 
experimentation of the two investigators concerns the nature 
of the control experiments. This difference, I think, is mainly 
responsible for the difference in conclusions. Auer seems in 
general not to have kept control animals for each experiment. 
For, in his paper, it is only on February 15 that he compares the 
feces of experimental animals with the feces of control animals 
observed at the same time. In general he seems to have de- 
pended for his controls on animals which were not observed at 
the same time as the experimental animals with which they were 
compared ; and which therefore may have been in a very different 
condition from that of the experimental animals. Furthermore 
he does not appear to have attached much weight to the controls 
which he did keep. Thus, when the feces of the experimental 
animals are slightly greater in amoimt or fluidity than the average 
of his controls he does not conclude that the salts injected have 
had a slight effect, but seems to think that, as indicated by his 
definition of purgation, the purgative effect of the salts has been 
proved only when the result produced is above the maximtmi of 
the controls. MacCallimi's method of experimentation, when the 
actual passage of feces was to be observed, was quite different.* 
He always kept controls which were observed at the same time as 
the animals experimented upon, and which were treated exactly 
like the experimental animals in every respect except that no 
salts were injected into them. The feces passed by the controls 
and the experimental animals were compared. It was found that 

* MacCallum: Amer. Joum. of Physiol., x, p. 103, 1904; On the Mech- 
anism of the Physiological Action of the Cathartics. Univ. of Cal. Publi- 
cations: Berkeley, The University Press, pp. 11-13, 1906. 
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the experimental animals passed more feces, and from this it was 
concluded that purgation had taken place, and that the purgation 
had been caused by the salts injected. When, in addition, it was 
f oimd that the feces eliminated by the experimental animals were 
more fluid than those eliminated by the controls, this fact was 
also taken to mean that purgation had taken place. 

The necessity for simultaneous controls is seen when it is re- 
membered that all that the purgatives can do, is to increase the 
rate with which the feces already present are eliminated. The 
milder purgatives will cause only an elimination of the feces 
already present in the large intestine; while the more powerful 
ones will in addition bring about peristalsis in the caectmi and the 
elimination of fluid feces. Now, as Auer used only small doses of 
the salts which MacCalltmi had classed among the weaker purga- 
tives the need for adequate control experiments was even greater 
than usual. For, the nature of the food, the amoimt eaten, the 
time after eating and drinking, exercise, etc., may all affect the 
amount and nature of the feces in the large intestine. To deter- 
mine, therefore, whether a small dose of a weak purgative is hav- 
ing any effect it is essential that the animals compared should 
start with about the same amount of feces in their large intestine, 
and the only way to insure this is to take similar animals and to 
treat them alike. 

EXPERIMENTAL RESULTS. 

My experiments fall naturally into two groups: 

1. Those which simply repeated MacCallum's experiments, 
small doses being used. 

2. Those in which the largest possible doses were used, in 
order to obtain fluid feces. 

At the outset I may say that MacCalltmi's results have been 
confirmed in every respect. As an example of the experiments 
where small doses were employed the following may be taken : 

ExperimetU i . Four rabbits of about the same size and weight were con- 
fined in four similar cages. The animals were separated into two pairs. 
In one pair the same rabbit was always the control, in the other pair one 
animal was control one day, and the experimental animal on the next. 
The rabbits had been fed on hay, grain, and vegetables, but during the 
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experiment were fed only on carrots and water, one half of each carrot 
going to each member of a pair. The purgative used was ^ sodium citrate, 
which was injected subcutaneously into the dorsal region in the amounts 
specified in the table. The feces were collected in jars with false bottoms 
of wire mesh, so that they were never soaked by the urine. 

The most significant thing about these results is that the amount 
of feces passed during the first 3 to s hours after the injection of the 
citrate, in every case, was more than that passed by the control animal. 
This happened even when the total 24-hour feces of the control 
animal were more than those of the experimental one. The total 
amount of feces passed by all the experimental animals during 
these first 3 to 5 hours after injection was 109.33 grams, while 
that passed by the controls during the same period was only 4.63 
grams. Thus, the amount eliminated by the injected animals 
during these first few hours was 23 times that eliminated by the 
controls. 

Another noticeable effect of the citrate is seen in comparing 
Rabbits i and 2 which were injected on alternate days. In this 
case the total daily amoimt was greater for the injected animal on 
every day except one. The sum of the totals for the injected 
Rabbits was 156.83, or about 4 times as much as the stmi of the 
totals for the controls (38.26). For quite a while the rabbits 
passed almost all their feces on alternate days; and that this 
alternation was due to the citrate and not to accident is indicated 
by the fact that it immediately disappeared on the fifth and 
tenth days when no citrate was given. It is evident that a period 
of constipation follows the purgation due to the citrate. 

But although these results appear so clear and convincing, it is 
still probably worth while to spend some time in pointing out 
that it is possible by means of an uncritical examination, to make 
it appear that they mean little or nothing. Thus, when the total 
amounts or averages of Nos. 3 and 4 are compared they are foimd 
to be practically equal. From this it might be concluded that the 
citrate had had no effect; and if the feces had been weighed only 
once a day there would have been no escape from this conclusion. 
What the citrate has done is not to make feces, but to accelerate 
their elimination for a few hours after the injection. After that 
the control animal may catch up again, as happened with both 
controls on the first day. The total amount of the feces depends. 
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196 Saline Purgatives 

in the first place, upon the amount and the bulkiness of the food 
eaten; and only secondarily on the amount of water in the feces. 
It is only by increasing the water that moderate doses of purga- 
tives can increase the total amount of feces eliminated in an ex- 
periment of several days* duration. We should expect, however, 
that the amoimt of water in the feces should be influenced by the 
citrate, and the reason why the results do not show it is because 
No. 3 for some unknown reason had the diarrhoea. After the first 
day the feces of all the rabbits were always unusually moist 
whenever they were eliminated in considerable quantities. This 
may have been due to the citrate in Nos. i, 2 and 4, and to some 
other unknown cause in No. 3 ; or it may have been due to the 
carrots in all four rabbits. At any rate our results do not allow 
us to conclude that the citrate has increased the amount of water 
in the feces. In later experiments, however, it will be shown that 
subcutaneous injection of saline purgatives does produce more 
fluid feces. 

A further consideration of the rate of the elimination of feces 
will show how absolutely essential it is to have adequate control 
animals. The total amount of feces eliminated by all four rabbits 
during the 240 hours of observation was 443.0 grams, giving an 
average rate of 0.46 grams per rabbit per hour. The 109.33 
grams eliminated by the injected animals during the first 3 to 5 
hours after the injections were eliminated in 27.75 hours; which 
gives an hourly rate of i .97 grams per rabbit. Were it not for the 
controls we would be forced to conclude that the citrate had 
accelerated the elimination only about 4 times, while a compari- 
son with the controls shows us that the rate has been accelerated 
23 times. The explanation appears to be that normally the 
feces are not passed at a uniform rate, but much more rapidly at 
certain times of day than at others; and the time of day at which 
the injections were made was one during which ordinarily but 
little feces would be passed. But this would not have been 
realized if adequate controls had not been kept. 

Finally, the last thing in the results to which I wish to call 
attention is the effect of the food on the amount of the feces. 
Before the experiment was begtm the rabbits had been fed largely 
on hay, which contains much more cellulose than the carrots fed 
during the experiment. The cellulose is not digested and con- 
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stitutes the main bulk of the feces. So we shotild expect much 
less feces on a diet of carrots than on a diet composed largely of 
hay. The evident decrease in the daily elimination during the 
course of the experiment is due to this change of diet. 

The effect of the character of the food on the amount of feces 
passed, and so indirectly upon the purgation is strikingly shown 
when the results just discussed are compared with those of the 
next experiment. 

Experiment 2. The same rabbits as in Experiment i , but they have been 
fed hay, grain, and water for several days. The same diet is continued 
during the experiment. ^ sodium citrate is given to No. i by mouth, and 
to No. 2 subcutaneously. 
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In this experiment I used the same rabbits employed for Experi- 
ment I , but the diet had increased the average daily feces from 
I I.I grams in Experiment i to 54.4 grams. This additional 
amount of feces almost entirely obliterated any effect that might 
be due to the citrate. It is only by comparing the totals that it 
can be seen that in spite of the fact that the controls are larger 
animals, and pass more feces, yet during the first hour after the 
administration of the citrate the experimental animals passed 
the greater amount of feces. It should be noted, however, that 
there is no great difference, in this case, between the effects of the 
citrate when given by mouth or subcutaneously. But this dimi- 
nution in the effect of the purgative with the more bulky diet 
should not surprise us. The rabbits are now constantly passing 
pellets. On one day hourly observations were made on all four 
rabbits from 10:00 a. m. to 4:00 p. m., and there was only one 
hour for one of the rabbits during which no feces were passed. 
On the average a pellet was passed every 6 minutes throughout 
the 24 hours, and with such an output it is not surprising that the 
effects of small doses of sodium citrate might be hard to detect. 
But that decided purgation is possible, even on a diet of hay and 
grain, will be shown in the following experiments in which much 
larger doses were given. 

EFFECTS OF MAXIMAL DOSES. 

In this second series the attempt was made to obtain fluid 
feces. The food given was usually hay and grain. In some cases 
other food was given, but in every case the same food was given 
to both control and experimental animals. Sodium citrate, 
sodium sulphate, and barium chloride were given both by mouth, 
subcutaneously, intravenously, and intra-abdominally. It was 
found possible to obtain fluid feces by means of all four methods 
of administration. They could be obtained in most cases when 
the purgatives were given by mouth ; but the doses required were 
enormous. When, however, the same doses were given sub- 
cutaneously or intravenously the rabbits were often killed before 
fluid feces were obtained. In these fatal cases post mortems 
showed that the salts had acted as purgatives, but that their 
action had been cut short by death. 
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EFFECTS OF SODIUM CITRATE. 

The above statements were particularly true for this salt. 
Divided doses of from 50 to 120 cc. of J sodium citrate given 
subcutaneously or intra-abdominally killed the rabbits in from 3 
to 9 hotirs, according to the rapidity with which the solutions 
were injected. When given by mouth 100 to 250 cc. given at the 
rate of about 50 cc. per hour produced fluid feces in about one- 
third of the experiments. When the citrate was given in other 
ways than by mouth the rabbits survived a dose of 100 cc. or more 
in only one case. In this case 180 cc. were given, and, as was to 
be expected, it had the same effect as when given by mouth; 
causing after 6 hours the elimination of perfectly fluid and tm- 
formed feces in considerable quantities. In this experiment the 
animal that was treated by mouth received 250CC. of citrate during 
5 hours, but produced only pasty and sticky feces that were still 
formed. The feces of the control were dry and hard. 

Post mortems were made on the animals that died, and in 
almost every case it was evident that if the intestines had con- 
tinued to function for a little longer the fluid feces which had 
replaced the formed pellets usually found in the large intestine 
would have been extruded. It is thus seen that while it is much 
easier to obtain fltiid feces by giving sodium citrate by mouth 
than by giving it subcutaneously or intra-abdominally this differ- 
ence in results is due to the increase in toxicity when given in 
these latter ways, and not because the salt has a different action 
on the dijjestive tract. 

EFFECTS OF SODIUM SULPHATE. 

In these experiments, also, the main attempt was to obtain 
fltiid feces, and the experiments were not arranged to show the 
greatest differences in the weight of the feces of control and ex- 
perimental animals; but in spite of this disadvantage, striking 
quantitative results were obtained. These results are shown in 
the following summaries : 

These summaries show that in spite of the fact that the injected 
animals got such large doses that they were seriously injured and 
often killed by them, thus of course diminishing the activity of 
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the digestive tract, the injected animals passed on the whole 
much larger quantities of feces than the controls. Thus, the 
rabbits that were injected subcutaneously passed about 3^ times 
as much feces as the controls; while those that were injected 
intravenously passed about 10 times as much. These results 

TABLE III. 
SUMMARY OP SUBCUTANEOUS INJECTIONS OP SODIUM SULPHATE. 



Date. 



Duration of 
Experiment. 



Jan. 



19 hrs. 


llOcc. 


20 •• 


80 cc. 


2 •* 


80 cc. 


23} •• 


60 cc. 


18 - 


70 cc. 


21 ** 


80 cc. 


20 - 


250 cc. 







1 

7 

7 
'• 8 
•* 11 
'• 11 
^J2J 
Totals 



* Rabbit died during experiment. 
t Average of four controls. 
j Rabbit very sick. 



Dow of Na» SO«. 



m/2 
m/2 
m/2 
Tn/2 
m/2 
m/2 
m/6 



Weight of Feces in Grams. 



(Control. 



Dose by Doee 

Mouth. subcut. 



18.6 
0.5 
0.3 
0.9 
0.2 
0.0 

29. 6t 



8.3 
56.4 
20.2 
14.3 
87.5 
37.0 
70.0 



50.1 



_L 



62.4 
48.3 
2.3* 
0.4* 
24.0 
25 . 5 
11. ot 



293.7 173.9 



TABLE IV. SUMMARY OP INTRAVENOUS INJECTIONS OP SODIUM SULPHATE. 



Date. 



Jan. 13 
.. 14 

•• 16 
•* 18 
*' 19 



Totals 



Duration of 
Experiment. 



5 hrs. 
8 •• 

23 '♦ 

6 •• 
4 *' 



i Weight of Feces in Grams. 



Dose of Na.^ SO4. | ly^^ by 

Control., Mouth 



520 cc. 


m/6 


0.2t 


501 cc. 


m/6 


0.0 


409 cc. 


m/6 


6.2 


302 cc. 


m/6 


1.9 


267 cc. 


m/6 


4.5 






12.8 



51.1 



Dose Intra- 
renoua 



9.8* 
tl5.8* 
72.8 
31.0 
3.4* 

132.8 



* Rabbit died. 

t Averaf^ of four controls. 

t Injection into abdomen. 



show very clearly that the subcutaneous and intravenous admin- 
istration of sodium sulphate increases markedly the amoimt of 
feces eliminated for some time after. When given by mouth this 
salt increases the amount of feces to an even greater extent. 
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FLUIDITY OF THE FECES. 

In addition to the increase in the amount of feces, the injection 
of sodium sulphate also increases the proportion of water con- 
tained in them. This proportion was not measured quantita- 
tively, so the data are not so satisfactory. In three of the experi- 
ments with subcutaneous injections the injected animals passed 
pasty or semifluid feces, while none of the controls did so. 

With intravenous injection, however, the effect of the salt on 
the fluidity of the feces was most clearly shown. In these experi- 
ments the rabbits remained tied down on the board for the whole 
of the 4 to 8 hours during which the salt was given. They were 
covered with cotton batting to keep their temperature up. A 
warmed ^ solution of sodium stdphate was allowed to flow from a 
burette continuously into the marginal vein of the ear at the rate 
of from 30 to 50 cc. per hour. In these experiments there was a 
regular progressive increase in the fluidity of the feces. At first 
there were well formed pellets, hard and dry. After from four 
to six hours these pellets began to be more moist. At first they 
were hard and well formed, but moister than usual on the surface, 
as if the moisture had entered the intestine after the pellets had 
been formed. Later the pellets became moist clear through, and 
soft. Later still they were pasty and semifluid, the masses not 
well formed at all, and so soft that after they had been collected 
the masses could hardly be distinguished. Finally, in some cases, 
just as the first really fluid feces were being passed the animal 
died. In these cases the post mortem showed that if the intes- 
tines had continued to act as they had been doing for a little 
longer fluid feces would have been obtained. For in these cases, 
the lower part of the large intestine, which usually contains hard 
well-formed pellets, was filled for distances of from 5 to 20 centi- 
meters with perfectly unformed and fluid feces. In all the ex- 
periments the controls never once showed such a regular increase 
in the fluidity of the feces. These facts show very conclusively 
that the intravenous injection of sodium sulphate increases markedly 
the amount of water in the feces. 

COMPARISON WITH ADMINISTRATION BY MOUTH. 

When now we come to compare the effect of giving sodium sul- 
phate by mouth with the results just described, a decided differ- 
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cnce is observed. Fluid feces can easily and almost invariably 
be obtained by giving sodium sulphate by mouth. From 60 to 
no cc. of y sodium sulphate or 250 to 300 cc. of the ^ solution 
caused an elimination of fluid feces in every case except one, and 
in no case had any injurious effect on the rabbit. Why this differ- 
ence? In answering this question it is essential that the normal 
anatomy and physiology of the rabbit* s digestive tract should be kept 
in mind. The food is ordinarily very bulky, containing much 
cellxilose, and the digestive tract is adapted to these conditions. 
The stomach is large and is never empty; and between the small 
and the large intestine is the enormous caecum, which is always 
filled with rather fluid, partially digested material. The food 
passes very slowly through the digestive tract. Thus, when 1 fed 
carrots, the feces became reddish in color, but this color was not 
decided until the carrots had been fed for several days and per- 
sisted for several days after the diet had been changed. When a 
control animal is killed the greater part of the large intestine is 
usually found to contain well-formed pellets, and it is only within 
the caecum or its immediate vicinity, that any considerable 
quantity of fluid feces is seen. When sodium sulphate is given by 
mouth the same regular increase in fltiidity described for intra- 
venous injections is obtained, and it takes about 6 hours before 
fluid feces are obtained. In view of these facts, then, it is obvious 
that the fluid feces have not been produced so much by the trans- 
formation of solid feces in the large intestine, as by the rapid con- 
veyance of fluid feces from the caecum to the exterior. Accord- 
ingly unusual activity of the large intestine, and particularly of 
the caecum, would appear to be the sine qua non for the elimina- 
tion of fluid feces. As a matter of fact when fluid feces were 
obtained, the peristalsis of the caecimi was sometimes so violent 
that it could easily be seen through the muscles, skin, and hair of 
the abdomen. 

We may now return to the explanation of why the sodiimi sul- 
phate, given by mouth, is so much more effective in producing 
fluid feces. The reasons for this are mainly three : 

I. When given by mouth the salt solution is not rapidly 
absorbed into the circulation, but is passed down into the caecimi. 
Thus the solution distends this organ, and dilutes its contents, 
thus tending by its water and bulk alone to make the feces more 
fluid, and to produce peristalsis of the caecum. 
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2. When injected subcutaneously the solution is not rapidly 
absorbed into the circulation, and so does not reach the intestine 
in as great concentration as when given by mouth. 

3. When injected intravenously it is diluted by the blood and 
acts all over the body, so that only a small portion reaches the 
intestine. But more important than this is the fact that it acts 
as a diuretic, and is rapidly eliminated by the kidneys. 

The evidence for these three reasons will be presented in order : 

1. Post mortems made six or seven hours after the solution 
has been given by mouth show the caecum very much distended 
with unusually fluid feces. This fluid must have come directly 
from that introduced into the stomach ; for if it had been absorbed 
and secreted again it must have been in circulation for a while, 
and in that case it would have caused diuresis, which did not 
take place. That the mere volume of the solution has had con- 
siderable effect is shown by the fact that 350 cc. of tap water 
given by mouth caused the elimination of pasty and semifluid 
feces.* 

2. That absorption is slow when sodium sulphate is injected 
subcutaneously is shown by the persistence for several days of the 
jelly-like oedematous mass that forms about the region of the 
injection. An interesting behavior of this mass was noted when f 
sodium sxilphate was injected into the dorsal region. When this 
was done the mass would form as usual, and then, apparently acted 
on by gravity, would slowly travel down the sides of the rabbit 
until it came to rest in the midventral line where it would persist 
for several days. This migration usually took 4 or 5 hours to com- 
plete. Post mortems showed a slight inflammation in the region 
of the swelling. 

3. The rapid excretion of intravenously injected soditmi sul- 
phate is easily shown. The rabbits thus treated were constantly 
tirinating, while the controls, and rabbits receiving the salt by 
mouth urinated but rarely. In one experiment, in spite of con- 

* The most striking result produced by the water was the phenomenon, 
already noted by Claude Bernard, that pronounced trembling and shaking 
and muscular twitching was produced. This shaking was much more pro- 
nounced than similar phenomena obtained by the subcutaneous injection 
of soditun citrate, and was not obtained at all with larger doses of sodium 
citrate and sodium sulphate given by mouth. 
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siderable loss of urine by evaporation and in other ways, 150 cc. 
of the 267 cc. injected were recovered in the urine. That this 
urine carried with it much of the sodium sulphate introduced is 
self-evident, but direct evidence for it was also afforded by the 
oedematous jelly-like masses in the vicinity of the kidneys, and 
by the inflammation of kidneys and bladder. 

This fact of the exceptional effectiveness of sodium sulphate 
when given by mouth and the explanations of the same all go to 
show what was already well known to us by MacCallum's investi- 
gations, that the mechanism for the production of ptirgation is 
located in the walls of the digestive tract. 

EFFECTS OF BARIUM CHLORIDE. 

This salt, as has been pointed out by MacCallum in a nimiber of 
papers, is the most energetic of the saline cathartics. He says:^ 
** For anyone to convince himself that a salt may act as a ptirga- 
tive when injected subcutaneously or intravenously it is only 
necessary to introduce a small amo\mt of BaCl, into the blood 
or under the sldn of a rabbit. The evacuation of large quanti- 
ties of semifluid feces and the violent intestinal movements 
leave no room for doubt as to the action of the salt. The fact 
that the intravenous and subcutaneous administration of this 
salt as a purgative by veterinarians is in general use should be 
sufficient proof." Auer did not test the purgative effect of 
barium chloride. I have made a few experiments with this salt 
in order to compare the effects of per os and subcutaneous adminis- 
tration of a powerful saline purgative. 

It has been shown that with the mild purgative sodiimi sul- 
phate acts better by mouth, because the fltiid is not rapidly 
absorbed from the digestive tract, and so has time to acctmiulate 
in the caecum, which it distends, and the contents of which it 
dilutes. It acts less strongly when given intravenously because 
it is rapidly excreted by the kidneys. Thus in both cases the 
sodium sulphate reaches the purgative mechanism in the intes- 
tines, but on account of the slow absorption from the intestines, it 
remains in contact with this mechanism longer when given by 

* On the Mechanism of the Physiological Action of the Cathartics. Univ. 
of Cal. Publications: Berkeley, The University Press, pp. 20-21, 1906. 



Digitized by 



Google 



Frank W. Bancroft 205 

mouth than when given intravenously ; and since this is a mild 
purgative a long contact is essential. With barium chloride, how- 
ever, the conditions are qtiite different. Purgation can be ob- 
tained with such small doses that the bulk of the fluid introduced 
into the digestive tract cannot be of consequence in aiding purga- 
tion. Furthermore, it is very probable that it is not rapidly 
eliminated by the kidneys, for MacCallum has shown^ that intra- 
venous doses of I cc. of f barium chloride stop the secretion of 
the urine. For these reasons, then, it might be expected that 
barium chloride woxild be more effective when given subcu- 
taneously than when given by mouth, arid such I have actually 
found to be the case. 

Subcutaneous doses of 2 cc. of ^ baritmi chloride never failed to 
cause the elimination of fluid feces within two hours. The action 
was very regular. Feces began to be passed within a few minutes 
after the injection. At first the pellets were hard and dry, but 
after about 30 to 40 minutes they were still hard but were covered 
with a good deal of surface moisture. The amo\mt of this mois- 
ture increased, and the pellets became softer, imtil finally the 
fecal masses were entirely imformed. They were rather lumpy, 
some parts being pasty, while others were so fltiid that they 
flowed through wire netting with millimeter meshes, and wet the 
hair about the anus. These feces were much more fltiid than 
those of any rabbits that I have seen that have not had purga- 
tives, so that no matter what definition of purgation be adopted 
it must be concluded that bariimi chloride does purge when given 
subcutaneously. 

When given by mouth the action of barium chloride takes 
longer in manifesting itself, and is much less constant. In two of 
the four experiments no fluid feces were obtained, the pellets 
remaining distinct. In one experiment the feces were entirely 
unformed and mushy, but were not fluid enough to run through 
the millimeter meshes. In only one case were the feces really 
fluid, but in this case they were more fluid than any which were 
passed after the subcutaneous administration of barium chloride. 
All the rabbits receiving barium chloride subcutaneously died 
either during the experiment, or an hour or two after; while only 

* Journ. of Exp. Zodl., i, p. i86, 1904. 
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one of the rabbits that were treated by mouth died, and that one 
only after many hours. The quantitative data of the experi- 
ments are contained in the following summary. 



TABLE V. SUMMARY OP EXPERIMENTS WITH BARIUM CHLORIDE. 



1 
1 


Dose of ^ BaCla 
o 


Weight of Feces in Grams. 


T^ ^ Duration of 
^^^- 1 Experiment. 

1 


„ ^ , 1 Dose by Dose 
Control! Mouth. rabcut. 


Jan. 4 

Feb. 7 
- 25 
" 26 


2 hrs. 

1 hr. 25 min. 

3 hrs. 15 min. 
Ihr. 35 min. 


4cc. 
divided 
2c . 
2cc. 
2cc. 


0.0 

9.2 
0.5 
0.5 


88.2 45.8 

1 
13.5 1 30.3 
28.9 1 29.1 
21.5 1 42.6 


Totals 






10.2 


152.1 ! 147.8 



DISCUSSION OF RESULTS. 



It has been shown, as may be seen in the following simimary, 
that the subcutaneous or intravenous injection of sodium citrate, 
sodiimi sulphate, and barium chloride brings about a passage of 
feces from 1.3 to 23 times the amount passed by the controls. 



SUMMARY OP THE TOTALS. 





Usual Done. 


Food. 


Usual 
Duration of 
Experi- 
ment. 


Grams of Feces Eliminated by 

Experimental Animals for each 

Gram Passed by Controls. 


Purgative. 


- ^ , Dose by 
Control. Mouth. 


Dose sub- 
cut, or 
Intraven. 


Sodium citrate 
Sodium citrate 
Na,S04 
Na,S04 
BaCl, 


30 CC. m/6 

30cc.m/6 

80 cc. m/2 

400 cc. m/6 

2 cc. m/6 


carrots, 
hay, etc. 
mixed. 
<< 


4 hrs. 
4 hrs. 
20 hrs. 
6 hrs. 
2 hrs. 




1.6 

5.9 

3.9 

14.9 


23.0 

1.3 

3.5 

10.4 

14.5 



When given in large doses, the subcutaneous or intravenous 
administration of all these salts also causes the passage of more 
fluid feces than those passed by the controls. These results con- 
firm in every respect the conclusions arrived at by MacCallum. 
Our conception of purgation, then, is that the mechanism for this 
process is located in the wall of the digestive tract. This 
mechanism consists of both muscles and glands the stimulation 
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of which produces peristalsis and secretion. This stimulus may 
be supplied, among other things, by the purgative salts. One 
method of demonstrating this stimulation which MacCallum has 
described, is to open the abdomen and observe the peristalsis 
after the injection of the purgative salts. Auer has confirmed 
these observations of MacCallimi, except for magnesitun sulphate. 
But as he has been tmable to demonstrate any increase in the 
feces eliminated after injection of these salts, Auer concludes 
"Peristalsis and purgation are not synonymous terms; increased 
peristalsis may occur during constipation.** According to the 
conception of purgation here outlined the increased peristalsis 
shows that at least part of the purgative mechanism has been 
stimulated. But in order that this stimulus may result in the 
increased elimination of feces it must be kept up for a consider- 
able time. Consequently it is easier to demonstrate increased 
peristalsis than increased elimination of feces. I have found that 
fluid feces will be produced by barium chloride after it has been 
in contact with the purgative mechanism for an hour and a half. 
Sodium sulphate, which is a much weaker purgative, requires, 
under the most favorable circumstances, not only 100 or 200 
times as strong a dose, but six hours in which to produce fluid 
feces. This shows us that time is an essential factor in the pro- 
cess. Thus, in order to be effective in the elimination of feces 
the salts must not only be brought in contact with the purgative 
mechanism, but they must be kept there for a certain time. This 
principle should always be kept in mind in considering the differ- 
ent effects produced by the different methods of administering 
saline purgatives. 

Having discussed the reasons for the difference in the results 
of MacCallimi and Auer. I might close here were it not for the 
emphasis that Meltzer and Auer have laid upon MacCallum's 
statement that magnesium sulphate acts as a purgative when 
given subcutaneously. 

ACTION OF MAGNESIUM SULPHATE. 

In a series of papers on the action of magnesitun salts Meltzer 
and Auer have foimd that in all cases these salts have a narcotic 
or inhibitory action, and never a stimulating effect. On the 
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other hand they say that MacCallum's results with saline purga- 
tives, including magnesium sulphate, lead to the conclusion that 
this salt does have a stimulating effect. Speaking of Mac- 
Callum's work Meltzer and Auer* say: **Here we have, then, a 
prono\mced theory supported by experiments that purgatives, 
magnesium sxilphate included, produce peristalsis by increasing 
the sensitiveness of nerve and muscle of intestines; in other words, 
here we seem to have an instance in which magnesium salts do 
not inhibit but stimulate activity.** Now in this quotation we 
have one example of a misconception that runs all through their 
paper. They everywhere seem to consider magnesium sulphate 
and magnesitmi salts as synonymous terms; and seem to think 
that MacCallum considered the purgative action of magnesium 
sulphate due to the magnesium which it contains. Nothing coxild 
be farther from the truth. MacCallum was very familiar with 
the way in which magnesium inhibits intestinal peristalsis. In 
fact he was the discover of this inhibition, and has mentioned it in 
a ntmiber of papers.* Concerning the purgative action of mag- 
nesium sulphate he says in his last paper,' concluded but a short 
time before his death: **This salt of course acts as a purgative 
because it is a sulphate and not on account of the presence of 
magnesium. As shown later on, magnesium chloride has an 
effect quite opposite to this." 

Meltzer and Auer do not mention any of MacCallum's results 
on the inhibitory effect of magnesium in their paper on the rela- 
tion of magnesium salts to peristalsis, in spite of the fact that 
these resxilts are exactly in accord with their main contention 
that the effect of these salts is always an inhibitory or narcotic 
one. On the contrary, starting with MacCallum's statement 
that magnesiiun sulphate acts as a purgative when given subcu- 
taneously , they lead one to believe that MacCallum thought that 
in this case magnesium stimulates peristalsis. 

* Amer, Joum, of Physiol., xvii, p. 314, 1906. 

'MacCallum: Amer. Journ, of PhysioL, x, p. 259, 1904; also, Arch.f.d. 
ges. Physiol, civ, p. 425, 1904; Journ, of Exp, Z06L, i, p. 179, 1904; Univ. 
ofCal. Publications, Physiology, ii, p. 47, 1905; this Journal, i, p. 339, 1906; 
On the Mechanism of the Physiological Action of the Cathartics, Univ. of 
Cal. Publications: Berkeley, The University Press, p. 38, 1906. 

• On the Mechanism of the Physiological Action of the Cathartics. Univ. 
of Cal. Publications: Berkeley, The University Press, p. 21, 1906. 
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As MacCallum has often stated, the theoretical ideas upon 
which his conception of purgation was based are due to Loeb.* 
In a series of papers, the first of which was published in 1899, Loeb' 
found that in producing musctilar twitchings and some other 
phenomena sodiimi and baritmi salts were particularly effective, 
and were counteracted by calcium and magnesiimi salts. On 
accoimt of the coimteracting effect of calciimi the sodiimi salts 
that were most effective were those that precipitate calcium. 
For this reason sodiimi sxilphate is more effective than sodiiun 
chloride, because it not only adds sodium but takes away calcium 
from the solution. Similarly, magnesium sulphate will remove 
calcium while it adds magnesiiun. Now since calcium inhibits 
more strongly than magnesiimi, the addition of magnesitmi sxil- 
phate should have something of a stimulating effect, not because 
of the magnesiimi but because of the SO^-ion which precipitates 
the calciimi. In this way, then, the ptirgative effect of magne- 
siiun sulphate is explained ; and it can be seen at once that, accord- 
ing to this view, magnesiimi sulphate should be considered a 
rather imsatisfactory purgative, as it contains both stimulating 
and inhibitory components. 

It is of course a fundamental precaution in interpreting the 
effect of any salt, to consider the possibility of either ion having 
produced the effect, and Meltzer and Auer have on other occasions 
been careful in taking this precaution. In the paper tmder dis- 
cussion, however, they have on several occasions failed to do so. 
Thus, when testing the effect of magnesium salts in stopping the 
peristalsis caused by baritmi chloride they find in one experiment 
that magnesiimi sulphate stops the peristalsis, and conclude from 
this that magnesium salts do inhibit the peristalsis. Now while 
this conclusion is right it is not justified by the fact, for it is well 
known that magnesium sulphate reacting with baritmi chloride 
will produce bariimi sulphate which is insoluble. The baritmi 
would thus be removed from solution and could no longer produce 
its characteristic effect. The injection of magnesitmi chloride, on 
the other hand, which was also tried by the authors, does show 
that the magnesium inhibits the peristalsis. 

* Univ, of Chicago Decennial Ptiblications, x, p. lo, 1902. 

* Festschrift fur Pick, Braunschweig, p. 99, 1899. 
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In conclusion, then, it may be stated that a re-examination of 
the effect of intravenous and subcutaneous injection of sodium 
citrate, sodium sulphate, and barium choride has shown that 
these salts markedly increase the amount of feces eliminated, 
and also, when given in larger doses, markedly increase the fluid- 
ity of the feces. These results confirm in every respect the con- 
clusions of MacCallum. The reasons why Auer, and Meltzer and 
Auer have been unableto confirm this result seem to be: (i) they 
used only the milder purgatives mentioned by MacCallum, and 
(2) in using these they did not keep adequate controls and thus 
failed to notice the increase in the amount of feces which they 
were probably getting. 

SUMMARY. 

1. In any experiments dealing with the quantity and charac- 
ter of the feces eliminated it is absolutely essential that the feces 
of the experimental animals should be compared with those of 
control animals kept at the same time and treated in the same 
way as the experimental animals, except of course that no salts 
are given to them. The neglect of this precaution is largely 
responsible for the different results arrived at by Auer and Mac- 
Callum. 

2. When small doses of mild purgatives are given a bulky 
diet will sometimes largely mask any effect that might be due to 
the purgative. In such experiments, therefore, a more concen- 
trated diet shotdd be given. 

3 . The subcutaneous injection of small doses of sodium citrate 
was found to increase the feces eliminated for the next 3 to 5 
hours to 23 times the amount eliminated by the controls. 

4. The intravenous injection of maximal doses of sodium 
sulphate was found to increase the feces 10 times. 

5. The subcutaneous injection of 2 cc. of barium chloride 
was found to increase the feces eliminated for the next two 
hours 14^ times. 

6. Large subcutaneous or intravenous doses of all three of 
these salts make the feces eliminated imusually moist. After 
barium chloride the feces even become partially fluid. 

7. Fluid feces can be more easily obtained with sodium citrate 
when it is given by mouth because it usually takes more than 
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100 cc. of an ^ solution to produce fluid feces, and this amount 
is almost always fatal when given subcutaneously. 

8. With sodium sulphate fluid feces are more easily obtained 
when the salt is given by mouth because: 

a. It is but slowly absorbed from the digestive tract, and 
so is passed on down into the caecum which it distends and the 
contents of which it dilutes. It thus remains in contact with 
the walls of the digestive tract for a long time and has a chance 
to affect the mechanisms for peristalsis and secretion which are 
contained in the walls. 

b. It is but slowly absorbed from the subcutaneous tissue, 
and so never reaches the walls of the digestive tract in sufficient 
concentration to produce its maximum effect. 

c. When introduced into the circulation it acts as a diuretic 
and is thus rapidly eliminated and never reaches the intestines 
in sufficient concentration and for a long enough time to pro- 
duce its maximum effect before it has killed the rabbit. 

9. With barium chloride fluid feces are more easily obtained 
when the salt is given subcutaneously than when it is given by 
mouth. 

10. In considering the effect of any salt it should always be 
borne in mind that the effect may be due to the activity of either 
anion or cation. Magnesium sxilphate acts as a purgative on ac- 
count of its anion. 

11. All of these results go to show that MacCalltmi's con- 
clusions are correct: The mechanism for causing purgation is 
in the intestinal walls and is stimulated whenever any saline pur- 
gative reaches it in sufficient concentration no matter in what 
way that purgative may have been introduced into the body. 
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